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WHY USE A 
1.9M DISH? 
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WHY USE A 1.9M DISH? 


EESo, COWL DR, BE IMO Rie 


° Virtually invisible to weather 
¢ Nearly invisible to guests 
° Easy to tune & service 


¢ Wide beamwidth hides tracking 
errors (-1 db when 2° off) 


¢ Short Tx cable to feed (14’) 


HARDWARE 
HIGHLIGHTS 
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Measured (to mesh) vs Y=AX42 
Same @ 30° & 90° 
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———Measured  ———=Y=AX*2 


HARDWARE HIGHLIGHTS 


The devil’s in the 
details 


° Excellent parabolic surface 


* Low loss Rx probe to LNA input 
Amphenol AD-SMAPSMAP-2 
RLC Electronics SR-2MIN-H 
HUBER+SUHNER 32 _SMA-50-0-1/111_NE 


* Precise feed construction and dimensions 
° Fiberglass struts 

° S12 isolation disk 

° Dish collar ring 
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WwmAN DU FWrnN 
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A 


Qb 


D = Dish Diameter = 75.5” (1.92 M) 
Y = Measured every 2” along X 
Subtract Bias from Y to zero in center 
Y=A* X*2 (Select A for best fit) 
Actual Focus Point (f) = 1 / (4*A) = 


27.47" 


Actual f/D = 2 
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Bias: 1.50 inches 

A 0.0091 adjust for best fit 

D: 75.50 inches(measure d) 1.92m 
f/D (spec): 0.35 

f (calc): 26.43 inches 


f (actual): 27.47 inches 
f/D (actual); 0.3641 


Measured (to mesh) vs Y=AX42 
Same @ 30° & 90° 
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———Measured ———Y=AX*2 


EXCELLENT PARABOLA 


Measure It! 


¢Ruze’s equation (685.81 * (€/A)*2 
) estimates gain loss in db due to 
RMS surface errors (€). If A = 230 
mm and € = 5mm, loss = 0.3 GB. 


¢ The effort to estimate the gain 
loss is usually far more complex 
than the effort to fix it. 


° Tweak “A” in ideal parabola to 
best fit measured parabola. 


° Correct deformation throughout 
and calculate actual f and f/D. 


ASSUME: 


85° F ambient (300K) 

LNA NF = 0.25 dB 

No TX port noise (S12 is high) 
Relay + connector loss = 0.1 dB 


¢ Equivalent LNA noise = 300 * (10%((0.25+0.1)/10) - 
1) = 25.18K 

¢ LNA noise = 300 * (10%((0.25)/10) - 1) = 17.78K 

¢ Antenna noise @ 30° elevation = 12K 


Rx performance loss = 10 * LOG[ (25.18+12) / 
(17.78+12) ] = .96 dB 


RX PROBE TO LNA LOSS 


¢ With typical 23cm LNA NF 
and antenna noise, a 0.1 dB 
loss between the RX probe 
and LNA input decrease RX 
sensitivity by almost 1 dB. 


° 6’ of LMR-600 on 23cm Is 
0.3 dB. This would 
decrease RX sensitivity 
by 2.46 dB. 


Define: 


Dish Gain Loss (dB) = 10 * LOG ( X/ (X - 1) ) GAIN LOSS WITH MESH 


= 10 *~ (Mesh Loss (dB) / 10) : 
cata i 
Lamba/10 


30 mm (23 cm wavelength in mm) 
N (1 / (1 - EXP (-m*D/S) ) ) = 1.38 


| 
rn N 


¢S, D specified for popular 
ae eae | er galvanized fence wire mesh 


aE Dish gain loss .022 dB @ 
23cm 


oss (dB) = 20 * LOG (L/ (2 *S*V) ) = 22.9 dB 
“(22.9 /10) = 194.98 


Gain Loss (dB) = 10 * LOG (194.98 / (194.98 -1) ) = .022 dB 
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910W @ TX PORT 


°IC-9700 @ 35% - 3W 
°Q5 Signal 2330PA —- 28W 
° 52’ LMR-600-DB — 20W 
*Kuhne 1200W > 1,020W 
¢ 14’ LMR-600-FR — 910W 


¢ All measured with calibrated 
Bird 4410A w/4410-15 slug 
and Bird 500-WA-MFN-30 
attenuator. 


dB(V/m) 
69.9 


Created using 
SIMULIA CST Studio Suite® 
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“J SIMULATION 
HIGHLIGHTS 


hb 


e-field (f=1.296) [1] a 2 y 
Component Abs 

Frequency 1.296 GHz 

Phase 0° 


Maximum (Solver) 66.0923 dB(V/m) 
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RA3AQ (2008) 23 cm 


SIMULATION HIGHLIGHT 


y Starting Feed 
A 


* Simulations start with an RA3AQ-type feed 
tuned prior to simulations for maximum sun 
to cold sky with 1.9m mesh wire dish with f/d 
= 0.35 


y «Dish mesh S = 6mm, D = 0.55 mm 


* Updated to RW = 118 mm, RD = 60 mm and 
a = 30 mm based on highest sun to cold sky. 


HD1 


Septum sizes [mm] 
¢ Feed constructed from a modified RF 


HAMDESIGN feed. 
FIMHz]} A HL SL Wi W2 W3 W4 S1 S2 $3 S4 

1296 «143.0 4750 340.0 222 469 70,9 117,7 75,6 1486 2205 2423 

Output section [mm] 


FIMHz] HO1 HL1 RW RD 
1296 214.0 173.0 118.0 81.0 
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No Choke Choke 


Absolute 


Choke narrows 
beamwidth & 
lowers sidelobes 


SIMULATION HIGHLIGHT 


pi Reece Oml Ve Cmomdi sii) 


With/Without Choke 


Left Polar 


Same results 
with left polar 


: - ] ¢ Feed only (no dish) shows 
: noticeable narrower beamwidth 
and lower sidelobes with choke 


¢ 3 db beamwidth reduced from 
64.6° to 57.6° 


¢ Sidelobes reduced 4 dB 
¢ Axial ratio good with/without choke 


Left Polar = ZN = - iia 


Choke 1 dB less 0} f 
power at dish 31 
perimeter with \ 

lower sidelobes \ 


Axial Ratio zi a a 


AR very good 
for both. 
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No Choke Choke 


Absolute é 
Profile J 
a — SIMULATION HIGHLIGHT 
— Fee dit eP ish 
= 7 Fiberglass struts 
=" With/Without Choke 
Absolute 
Front 


* Choke lowers sidelobes (as expected from 
the feed-only behavior) 


Choke lowers 


== * Lower sidelobes result in lower antenna 
noise vs. dish elevation 
_. . a, ¢ Antenna noise calculated with OM6AA 
AxialRatio {) 000 Ss Pe A SE A A: I a Bf Antenna Noise Temperature Calculator 
sf (ANTC) fed with simulated radiation patterns. 
wa CO 


¢G/Ts ap = LO*LOG [ 10*(Gmax asi/10) / 
(LNA NF x + Antenna Noise x) |] 


| Heterdun Minted Tewwpesbiere (F000 
aaa a 


Antenna Noise & 
Lower sidelobes 
means lower 
antenna noise for 
better RX 


SSERENEQESES Sz E58 RER223 + 
UL 
UU 
VT 
HUTT 
WET ie ° 
WT - 
PTT - 
ETT 
ETT 
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No Choke Choke 


Absolute - 
Profile vy 
——s SIMULATION HIGHLIGHT 
with choke that Se Feed + Dish 
ee Aluminum Struts 
With/Without Choke 
Absolute ; ; 
Front ¢ Aluminum struts distort the 
cae beam and sidelobes 


sidelobes. Less 
with choke that _. 


¢ Distortion is less noticeable with 


— 
. - choke 
AxialRatio JOT TTL Liss ae a a . . 
a as a ead 7 =o. oa ¢ Noise temperature noticeably 
ea nn a ca higher with Aluminum struts, 
Em | even with choke (e.g., 3K @ 30°) 


Deg 
See es ey Pet Ps Lee et Es ieee 
ed a ESS Ea Ed ee ieee 
a aS ES Ee ee ee 


Antenna Noise 


TTT 
TTT 
PDRERODARORDUARE 
POUORU ORD ORRU ADE 


Metal has very little 
effect on noise with 
choke. Noticeably 
greater with no 
choke. 


TT 
HAP ANROAREORDUED 
MTT 
TTT 


(SSR EES CEU Se Se ce 


2° tection 


fs 
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Simulator 
Model 


Simulia CST 
MW Studio. 
I-solver used 
for Dish+Feed | 
T-solver for 
Feed only. 


Feed 
Position 


Choke much 
more sensitive 
to Feed Position 


G/Ts, NF = 0dB 


Choke is the winner 
with or without metal 
struts 


No choke can get 
close, but requires 
no metal struts 


Choke much more 
sensitive to Feed 
Position 


Z opt = +10 mm no 
choke; -50 mm choke 


Choke 


No Choke 


——— No Choke, No Struts, Z = opt. 
- - -No Choke, No Struts, Z = opt. - 30 
———— No Choke, Struts, Z = opt. 

- - -No Choke, Struts, Z = opt. - 30 
——— Choke, No Struts, Z = opt. 

- - -Choke, No Struts, Z = opt. - 30 
~~ Choke, Struts, Z = opt. 

~ ~ «Choke, Struts, Z = opt. - 30 


G/Ts Ratio [dB/K] 


1 \ i L 
0 10 20 30 40 50 60 70 80 90 
Antenna Elevation Angle [deg] 


SIMULATION HIGHLIGHT 


Feed + Dish 


With/Without Choke 
SLIM Mary i) 2 O43 


«Performance more sensitive to feed 
position with choke. 


*Focus point +10 mm outside aperture 
without choke, -50 mm inside aperture with 
choke. 


¢With choke, -30 mm for best RX, -50 mm 
for best TX. 


¢Without choke, +10 mm for best RX, +10 
mm for best TX. 


*If invisible struts and holder, No Choke has 
about 1 dB more TX but 2 dB less RX. 


*Struts and holder affect No Choke much 
more - nearly 2 dB on RX and 0.5 dB on Tx. 
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Reflector Antenna G/Ts Ratio vs Elevation Angle, LNA NF 0.25 dB 
T T T T ] T 


G/Ts, NF =0.25dB ™ 


Added noise from atypical 49 
LNA @ 23 cm lowers the 


SIMULATION HIGHLIGHT 


advantage of Choke vs 9- 
No Choke = 
With metal struts, Choke = ; e F e ed + Di s h 
still > 1dB better thanNo = 7 —- With/Without Choke 
— ny fe [pe ohahe wesirerg = ape.-l : Summary 2 of 3 
Pope ~ = -Me Choke, trute,Z= opt. - 20 ] 
“I —eee ¢ Added LNA noise starts to mask 
3 i“? ~ « «Choke, Struts, Z = opt. - 30 = 
—— | | | | | — advantage of choke and 
0 10 20 30 40 50 60 70 80 90 . 
Antenna Elevation Angle [deg.] fi b e rg | a SS st ru ts ' 
ae —— Antenna GIT s Ratio vs —_ Angle, — NF O.5 = 


G/Ts, NF = 0.50dB ) e With LNA NF = 0.25 dB and 
qummu«n "| | 1. ha = fiberglass struts, No Choke can 
eee me ; ee a es Ee SP slightly outperform choke on RX. 


nce ° This indicates an RA3AQ-type 
acs Seer ses feed with fiberglass struts 


~ ne hone strate, 2 opt = 0 | may be best with no choke. 


== 
ose 
am 
a=? 
ae 
- 


G/Ts Ratio [dB/K] 


OM6AA 
i 


j 4 i 
t) 10 20 30 40 50 60 70 80 90 
Antenna Elevation Angle [deg.] 


18 


SIMULATION HIGHLIGHT 


Feed + Dish 


With/Without Choke 
Summary 3 of 3 


No Choke Choke 
eens | ¢ RA3AQ-type feed without 
No Choe has Choke also has better TX. 


gain 


Ke2Sf 


Better? 


RA3AQ-type 


CAN WE 
IMPROVE AN 
RASAQ-TYPE 
FEED FOR A 
1.9M F/D = 
0.35 DISH? 


IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. AP-31, WO, 4, JULY 1983 645 


‘ 
’ 
TT rf i \ ’ 
z ah . \ 
Ce Sis ‘ \ \ j 
* - * \ \ 
) See — 


{a) \ 
Fig. 1. Two views of « conventional SBI antenna. (a) Front. (>) Crom ee gi 
ection. 
roquere 
on SAEs <A AA Se Fig. 3. Characteristics of input VSWR of three types 
« Conventional SBF antenna with Mat a waht of i Asem 
a = enma WHR conical large ret —_— SEF antenna 


+ @ 


Pig. 4. Two views of improved SBF entenna (a) Front. (b) Cross section. 


Fig. 2. Radiation pattern of « comventional SBF antenna for 1540 Miz 


- Reflector Antenna G/Ta Ratio vs Elevation Angle, No LNA, No Struts 
T T T T T 

16> 

14> 
¥ 
S 12} 
= —— 118/60/30 Feed, Piain Dish 
< ——118/60/25 Feed, Dish with Ring 
@ 10- 4 


1 
0 10 20 30 40 50 60 70 80 
Antenna Elevation Angle [deg.] 


SHORT BACKFIRE 


Feed + Dish 


Add Dish Collar Ring 
Improvement 1 of 16 


¢ Simulations find the dish + feed 
combination provided two optimal focal 
points. This hints that the system may be 
operating as a Short Backfire Antenna 
(SBF). 


¢ With a SBF, the choke + dish form a 
resonating cavity with reduced 
sidelobes. This helps negate the choke 
obstruction. 


* Based on 1983 IEEE paper, an SBF antenna 
benefits with a Lamba/4 dish collar ring (58 
mm). 


°> 1 dB G/Ta simulated RX improvement 
with > 0.5 dB measured sun to cold sky 
improvement. 
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Created 
SIMULI 


e-field (f=1.296) [1] 


Component Abs 
Frequency 1.296 GHz 
Phase 0° 

Cross section A 

Cutplane at X 0.000 mm 
Maximum on Plane (Plot) 2118.68 V/m 
Maximum (Solver) 2494.62 V/m 


dB(V/m) 


Created using 
SIMULIA CST Studio Suite® 


e-field (f=1.296) [1] a 
Component Abs 

Frequency 1.296 GHz 

Phase 0* 

Cross section A 

Cutplane at X 0.000 mm 


Maximum on Plane (Plot) 64.4161 dB(V/m) 


a 
Maximum (Solver) 66,0923 dB(V/m) 


RESONANT WAVES 


Feed + Dish 


Add Dish Collar Ring 
Improvement 2 of 16 


e With feed alone, choke fills with the E 
field. 


* When dish added, three partially 
stationary waves form between dish 
vertex and feed. These are resonant 
waves. 


° Choke fills with the waves reflected off 
the dish. Reversed waves folding 
on choke rim combine with 
reflected waves to help reduce 
sidelobes with collar ring. 


° Disadvantage is $12 reduced from 30 
dB to only 14 dB due to dish reflection. 
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Square to Round Taper 


The feed only pattern with a 

square to round taper (KA1GT) is nearly 
the same as that from the “perfect” round 
septum feed (VE4MA/OM6AA) 


SQUARE TO ROUND TAF 


Feed only 


Square to Round Taper 
Improvement 3 of 16 


Square to Round Feed-only Pattern Round Feed-only Pattern ¢ Based on excellent RX 
| ly | ian \~ performance observed by 


KAI1GT, the abrupt square to 
round RA3AQ transition is 

es replaced with a smooth 
Square to round taper. 


— we mass ¢ Feed-only simulation 
_ indicates the pattern is 
nearly identical to a 
VE4MA/OM6AA round 


septum. 


- 5 st 150 2 
Theta / deg 2 S 


Comparing 3 “Best” Feeds 


Extensive simulations at optimal focus 
and choke position yielded two feed 
competitors: OM6AA and KA1GT 


OM6AA Round Septum 
w/ Super VE4MA Choke 


KA1GT Square to Round FATTE i PATTE R N 


¢ Both the round septum and 
= square to round taper show 
> 1 dB RX performance 
increase over the RA3AQ 
feed. 


¢ Both feeds have a “fatter” 
pattern that fills the dish 
better with significantly 
lower sidelobes. 


Both feeds have a “fatter” 
pattern (fill the dish better) 
with lower sidelobes — 


Both feeds @ optimal focus 
provide similar RX performance 
that exceeds the optimized 
RA3AQ feed. 


At the optimal RX focus, 
KA1GT feed provides the 
best TX performance and 
is the least sensitive to 
changes in the focal point 


L L L 
40 50 60 70 80 90 
Antenna Elevation Angle [deg.] 2 4 


Antenna Directivity 


When comparing the KA1GT system 
to the 118_60_ 30 RA3AQ system, we 


find the KA1GT system has significantly 
higher TX gain that is less dependent 


on feed position. 
Feed + Dish 
Antenna Directivity vs Feed Position 
I I 


Square to Round Taper 
Improvement 5 of 16 


27 I | 


26.5 |- 


¢ The smooth square to round 


—— RA3AQ/KA1GT Choke 


” > —nAananeaea cho taper also shows a significant 
improvement over the abrupt 
25.5/ | square to round transition for 
TX gain. 


Directivity [dBi] 


° TX gain improved 1 dB and is 
as} | less dependent on feed 
fous] position. 


cro eso,sws0sswaos wast wos ste |S ®@ THE Optimal feed position is 


5 5 15 -25 -35 -45 -55 -65 -75 -85 


Absolute and Relative Feed Position Related to Reflector VERTEX (upper scale), also nea rly the sam e fi or 
Related to Focal Point (lower scale) b oO t h R x a n d TX. 
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RX Performance 


When comparing the KA1GT system to the 118_60_30 system, we find the KA1GT system has significantly 
higher RX performance at the optimal focal point. KA1GT also less susceptible to focal point changes. 


Reflector Antenna G/Ts Ratio vs Elevation Angle, LNA - 0.25 dB 


G/Ts Ratio [dB/K] 
ao o 3 
ss. 


al “”° 118 60 30/No Cho 


—_. 
—_-—" 
lee 


G/Ts Ratio [dB/K] 
= ES 
oo o o - 


d 


SQUARE TO ROUND TAF 


Feed + Dish 


Square to Round Taper 
Improvement 6 of 16 


¢In summary, the smooth 
Square to round taper has > 
1 dB RX performance gain 
over the abrupt square to 
round transition. 


¢ The RX performance is also 
less susceptible to feed 
position. 

° RAZAQ feed with No 
Choke better than Choke. 
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Can we shorten the KA1GT feed? 


To help lower feed weight, simulations were 
performed on a shortened KA1GT feed. 


G/Ts performance is not degraded, but $12 
decreased from 20 to 18 dB. : 
Feed + Dish 


Square to Round Taper 


Reflector Antenna G/Ts vs Elevation Angle for Various Feeds, | mM @) rovemen t 7 Oo f 1 6 
LNA - 0.25 dB, Polycarbonate Struts 


¢ There has been interest in a 
high-performance 
lightweight feed for 

portable operations. 


Srey aves | ¢ An overall feed length of 
1 470 mm outperforms 710 
: mm. 


| | | | | ¢ Shorter feed only looses 2 
Antenna Elevation Angle [deg.] dB S12. We will fix this. 


-- 


—118/60/25 


—— RA3AQ/OM6AA z = - 60 7 


G/Ts [dB/K] 
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Feed length vs pattern 


1. Plot “60/25” is a 60 mm deep choke 25 mm behind the aperture. This is not an optimal pattern. 


2. Plot “a 25” is a 110 mm deep choke 25 mm behind the aperture. 
3. Plots “s 0” to “s 240” are a 110 m deep choke 15 mm behind the aperture 


4. “s 240” = overall 710 mm feed length. “s 0” = 470 mm overall feed length. 


Note little effect on pattern. 


5. A choke depth of lambda/2 widens the pattern by reversing the phase of the reflected field. 


Farfield Directivity Abs (Phi=0) 


Theta / deg 


Farfeld Axial Rato (Phie0) 


arfield (f=1.296) 60/25 
— farfield (f=1.296) a 25 
—— farfield (f=1.296) s 0 

farfeld (f=1.296) s 40 
—— farfield (f=1.296) s 80 
—— farfield (f=1.296) s 120 
—— farfield (f=1.296) s 160 
—— farfield (f=1.296) s 200 
—— farfield (f=1.296) s 240 

farfield (f=1.296) Techn 


—— farfeid (f=1.296) s 0 
farfield (f= 1.296) s 4 


—— farfeid (f= 1.296) s 80 


farfeid (f= 1.296) s 120 
~——~ farfeld (f= 1.296) s 160 
—— farfeld (f= 1.296) s 200 
——— farfeid (f= 1.296) s 240 


Boresight Axial ratio good for all lengths 


LENGTH & CHOKE DEPT 


Feed only 


Square to Round Taper 
Improvement 8 of 16 


¢° Extensive simulation confirms 
feed pattern is nearly identical 
for overall feed lengths 
between 710 mm and 470 mm. 


¢ The more critical dimension is 
the choke depth. 


° A choke depth near 
lambda/2 (110 mm) creates 
a desirable wide pattern 
due to resonating choke 
structure. 


28 


Can a deep (110mm choke) improve the RA3AQ performance? 


Adding a 110mm deep choke to the RA3AQ feed with an abrupt square to round transition does not 
improve the feed pattern. There is a waveguide discontinuity between the square and round sections 
that is not present with the smooth square to round transition. 


DEEP CHOKE ON RA3A\ 


— farfield (f=1.296) KAIGT Feed only 
OR A A ONT Abrupt Square to Round 
— Improvement 9 of 16 


Farfield Directivty Abs (Phi=0) 


*Can a lambda/2 (110 mm) 
deep choke improve the RA3AQ 
feed performance? 


° The “fat” pattern cannot be 
realized. A “waveguide 


Theta / deg 


rece discontinuity” occurs. This is 


—— farfield (f=1.296) KAIGT 


— farfeeld (F=1.296) RA3AQ/KB2SA not seen with the square to 
round taper. 


BUT, RA3AQ sidelobes are 
lowered with a 75mm deep choke. 


Pattern still not optimal. . A 15 mm deep choke does 
lower sidelobes, but the 
pattern is still not optimal. 


Bi 


0 
Theta / deg 
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How does the feed pattern vary with choke depth? 

Here we show the feed pattern as we vary the choke depth on the KA1GT feed. Each example has the choke 

set back 25 mm compared with the original KA1GT feed with 110 mm choke set back 15 mm. 

Note how a shallow choke depth (80 mm) creates an undesirable pattern. A 100 mm deep choke appears optimal. Feed on y 


This is with the short (470 mm) KA1GT feed variant. Square to Round Taper 
Improvement 10 of 16 


ie ¢ Feed shows the desirable 
—— farfield (f=1.296) 110/ a 15 


wacmoee “fat” pattern as choke 


— farfield (f=1.296) Choke 90 


ores zoe depth increases. 


farfield (f=1.296) Choke 110 
¢ Pattern flattens noticeably 
@ 90 mm. 


¢ As choke depth increases, 
pattern stays flat and 
sidelobes decrease and 

Theta / deg then start rising. 
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Differs slightly from KA1GT feed as shown 


G/Ts [dB/K] 


(455) S 
| § 


(147)! 


Reflector Antenna G 


100 490 


(610) 


/Ts vs Elevation Angle for Various Feeds, 


LNA - 0.25 dB, Polycarbonate Struts 
T T T T 


RA3AQ Septum 


(KL6M Septum) 


40 50 
Antenna Elevation Angle [deg.] 


LET’S SUMMARIZE 


Feed + Dish 


Square to Round Taper 
Improvement 11 of 16 


°A very high-performance 23cm feed 
for a 1.9m f/d = 0.35 dish starts with 
an RA3AQ septum and adds a 110 
mm deep choke and square to round 
taper. 


° Optimal dimensions are very similar 
to that found experimentally by 
KA1GT (choke setback tuned to f/d). 


° A total feed length of 470 mm Is 
noticeably better than 710 mm 
(590 mm shown in the figure). 


* Optimal focal point is approximately 
65 mm inside the feed. 
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MEASURED: 


85° F ambient (300K) 

LNA NF = 0.25 dB 

S12 = 14 dB 

Relay + connector loss = 0.1 dB 


* RX noise from TX port = 300 / 10%(14/10) = 12K 

¢ Equivalent LNA noise = 300 * (10%((0.25+0.1)/10) - 
1) = 25K 

¢ Antenna noise @ 30° elevation = 12K 


Total noise = 12K + 25K + 12K = 49K 


If we can remove the 12K noise from the TX port we 
can realize 

10 * LOG [ 49/(49-12) ] = 1.2 dB increased RX 
sensitivity. 


WHAT ABOUT S12? 


Feed + Dish 


Square to Round Taper 
Improvement 12 of 16 


° Earlier we saw that the 
isolation between the RX and 
TX port (S12) was significantly 
reduced when the dish is 


present with a square to round 


taper (14 dB measured). 
e Assuming 85° F (300K) 


ambient and .25 dB LNA NF, RX 


sensitivity is reduced 1.2 dB 
due to 300K noise on the TX 
port from 50-ohm termination. 
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$12 is significantly degraded 


M4dB wos monewed. gun . AY ANC) aetaye RECOVER S12 WITH DI¢ 
seen in simulation and varies mae. ! 
with focal point. | | hee ata OS i 


Square to Round taper 
Improvement 13 of 16 


°*A 50 mm metal disk 
centered 45 mm inside the 
taper increases S12 enough 
to eliminate the TX port 
noise on the RX port. 


With degraded $12, noise 

on the TX port appears at 

the RX port. This increased 
the RX noise floor nearly 

1 dB. A 50mm disk centered 
45mm inside the flare lowered 
this TX noise. Dimensions 
selected by experimentation. 


°RX sensitivity increased 
nearly 1 dB. 


8) 
ON) 


Simulations varied the 

disk diameter and placement 
to help characterize the 
behavior. 


Simulation found the disk 
placement and diameter 
did not change the overall 
G/Ts. 


Ratio [4B/K] 
pr - 
o ce = 


DISK NO EFFECT ON G/ 


Feed + Dish 


Square to Round taper 
Improvement 14 of 16 


¢ Disk diameter between 45 
and 55 mm placed 40 to 50 


mm inside taper has no 
aT || effect on G/Ts. 


30 40 80 
Antenna Elevation Angle [deg] 


B2 “4 


Simulations confirmed the 50mm disk 45mm inside the flare (45i/50d) is very 
good (-30dB), with 45i/45d and 50i/50d possibly being slightly better (-32dB) 


f * } 
40i/45d A0i/50d 
ae Sa ee ee ee 
Na \ \ } Wy wee \ f iy 
; a a a a an, 

. r 
45i/45d 45i/50d 
Nis Ly 
4 + - \ 
50i/45d 50i/50d 


S12 DISK SIZE & POSIT! 


— Feed + Dish 


Square to Round taper 
Improvement 15 of 16 


45i/55d 


405d ¢S12 increased from 14 dB to 
> 30 dB with 45 - 50 mm 


I} 
Wing diameter disk placed 45 - 


=F 50 mm inside flare. 


mney | (ats 


50i/55d 


32SA-35 


Reflector Antenna G/Ta Ratio vs Elevation Angle, No LNA 
f#/D = 0.33 Ratio, Choke Position 30 mm 
T T T T 


G/Ta Ratio [dB/K] 
= = = _ 
N ES o 


40 50 
Antenna Elevation Angle [deg.] 


Reflector Antenna G/Ta Ratio vs Elevation Angle, NoLNA 
f/D = 0.36 Ratio, Choke Position 30 mm 
T T T T 


G/Ta Ratio [dB/K] 
-_> -> - = 
i=} N >» oOo 


40 50 
Antenna Elevation Angle [deg.] 


DIFFERENT F/D BETTER 


Feed + Dish 


Square to Round taper 
Improvement 16 of 16 


°f/d = 0.35 works well with 
this feed type. Might a 
different f/d work better? 

°A “deeper” f/d = 0.33 dish is 
Slightly better. Shallower 
dishes (e.g., f/d > 0.36) are 
noticeably worse. 

¢ Varied choke position and 
focus to confirm behavior. 
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#460 


#200 


Measured with 
SpectraVue 


Sun to Cold Sky (dB) 


116 


Fiberglass struts 
58 mm collar ring 


Sun to Cold Sky (dB) 


50 mm 


Sun SFU vs 


RA3AQ Septum 


SUN TO COLD SKY 


Feed + Dish + S12 Disk 


Actual Feed (590mm 
length) 


° Current KB2SA system (2023/2024). 


¢ Sun to cold sky signal measured during 
2023/2024 with 1.9m f/D = 0.35 mesh 
wire dish, collar ring, fiberglass struts, 
0.25 dB NF LNA and S12 disk. 


° Adjust RF gain as needed so strongest 
and weakest signals are within the 
total RX system’s linear response 
region (e.g., no sun saturation). 


* AGC, Noise Reduction (NR) and Noise 
Blanking (NB) off. Sun > 402. 
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1.9M FEED ON 
4.88M DISH 


KB2SA-38 


KB2SA” feed radiation relatively uniform 
n near, fresnel, and far field 


1.9M FEED ON 4.88M D 


Mats Bengtsson, KD5FZX 


4.88M Solid, F/D = 0.39 
SKB2ZSA> Feed 


0.000281 


¢ Mats, KD5FZX, expertly constructed 
the “KB2SA” feed with choke offset 
tuned to his 4.88M f/d = 0.39 dish. 


¢ The theoretical difference between 
1.9m and 4.88m is about 8 dB. 


eA 7-8 dB delta is confirmed on both 
TX and RX with hundreds of QSOs 
and echo tests. 


* We suspect < 1dB loss due to non- 
optimal f/d = 0.39. 


Phase 
Cross section 


Mats made a 
polycarbonate cover 
for tunable $12 disk 
and birds/insects 


39 


+ Fon be 


rz ~ ~~ 3. pd epe At Sex 


NOTEWORTHY 
1.9M 23CM 
Qsos 


we anes . peke =r rape = 


a 
- <avy > —_- 


— wae, gortS Biotinbrad oes Wie 


SSTV EME QSO (Scottie DX) 
Martin 2 easily readable 


KB2SA- 
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BHITSU Torapio K (3 2 6A 
Ea VIA 


ITU:44  CQ:24 
Grid: ON80ea | AM HAPPY TO'CONFIRM MOUR QSO DYOUR SWL REPORT 


DMY uTc MHz 2-WAY RST 
S/IL/WUW | 97:26 11296. lov | Bb leap 


Nog?iChenaFang Steet 


Propagation 


Antennas: 
1.8 MHz: CHAMELEON ANTENNA Base H = 
35 MHz: (CHAMELEON ANTENN/ asi aytoor 30 Wellrook ke re U 
EA ba 4 Bee cs a Halles se HF See P 2.0 ALAIS30LNP ia 
Feral Ate ke ym 
iz: tt a i 

acai 3 _ Ma nnas 4: escra0 

nas- Amplifiers 2x56 unit Yagi antennas 23cmS6AUTHD 


RF72PG * CQ ZONE 32 « ITU ZONE 60 


CYPRUS 


AS 


RADIO DATE utc MHz MODE RST 
KasA | j7/u/22) (018 |i2%673 |QbS- |e]: 
7 to [re 


NOTEWORTHY 1.9M 23CM 


Timing is everything 


* BH1TSU w/36-element yagi 

° ZLINJR w/1.8m folding dish through trees 
* ZC4RH w/67-element yagi 

* KALGT w/3.1m dish and 5 watts 


* DKOTE w/70-element yagi (easy 60C and 30B 
QSOs) 


° WAS #24. Thank you Peter, KA6U and Gene, 
KB7Q! 


¢2,895+ QSOs on LoTW 
¢ ARRL International EME Contest, SO-1.2G 
¢ 2023: #11/60 


° 2022: #13/43 
° 2021: #16/51 


“Ay 


flange 


2o 
0-846 ~ 
O89 
1-11 
1-151 
1373 
1417 a 
1638 J 
1-68 } f 
1:90 4 
1943 panne 
' 0197 f+ —m 
0-378 - l-oos 


1842 
all values in Ao 


R. WOHLLEBEN 
H. MATTES 
O. LOCHNER 


30th August 1972 


Max-Planck-Institut fiir Radioastronomie 
Argelanderstrasse 3 
D-53 Bonn, W. Germany 


WHAT'S NEXT 


LOOK BACK TO LOOK 


AHEAD 


KB2SA- 
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BEAMWIDTH (DEG) 


1971 


FIG.2 20dB BEAMWIDTHS 


1980 


: ——}-—_j;_—_ 
20 40 60 80 100 120 140 
Ps 6 


Fig. 4- Beamwidths at rei heath Map -10 dB, 


creepy of half flare angle. a 
2024 
10) — aaa 


0) fens eb ee bee Pon ee ee eens Peewee RP eee fees tee eee 


70° a =;100 ? 


Ce SRR: eae MOET Ue «Be 


aoa sia: * nese aneenee 


CONVEX CHOKE 


Does it improve G/Ts ? 


° Experiments by Mcinnes and Booker in 
1971 indicate a 110° choke flare may 
provide a “fatter” beam. 


°A revisit by Pagana and Massaglia in 
1980 indicate flares > 90° do not 
widen beamwidth. 


¢ Simulation in 2024 confirm the 1980 
results using different flare angles and 
choke setbacks. 110° and 105° flare 
with 110 mm setback shown here. No 
Improvement in G/Ts. 
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¢ 460 


G/Ta Ratio [dB/K] 
wt = ie is = 
o N > oa o 

T T T 


SMALLER CHOKE 


Does it improve G/Ts ? 


¢ Might a smaller choke have less 
obstruction to overcome “non- 
resonant” losses? 


¢ Preliminary results show no 
improvement. More simulation Is 
needed. 


¢ G/Ta shown here is best so far vs 
110° flare with 110 mm setback 


and 90° flare with 140 mm setback 


and 373 mm diameter choke. 
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44.9 degrees _ Pick for reasonable focal lengths, ideally down 10 dB at edge of sub dish. Cassegrain Antenna 


Or 
Ds 690mm_—sPick for reasonable blockage 
Dm 1900 mm 
Fm/Dm 0.35 
Fm 665|mm . Farell Drecivp: tel Beaton (Phi=90) 
71.08 degrees 9.4232 }F * < + ‘ 4 —— forfeld (f=1.296) [1] 
Fe 4.49 mm 
Fm-Fe 200.51 mm How much feed protrudes into dish 57 i ¢ 7 : 
Or 0.45685 radians d=14,017 
+Or 2.0: _ 


Can it work for 23cm ? 


¢ Cassegrain antennas are used in high 
performance systems > 5 Ghz. Can it 
improve 23cm performance? 


fits ft - “reasonable” dimensions can be 
2 , realized with a 1.9m dish. 


im | 20 
| | 30 0. 
! | ee Sub Dish Hyperbola C: e@ 1 1 1 1 
| ~~ 50 1.528862 ub Dish Hyperbola Contour tical anal SIS indicates 
| ~~ HYPERBOLA 60 2.190031 60 O p 
— PARABOLA 0 
= 4306 
4 1 + 


"Reasonable" distance between feed and sub dish 


¢ Simulation needed to determine if the 
improved sub dish illumination might 
overcome the excessive (forward) 
spillage from a septum feed. 
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CASSEGRAIN ANTENNA 


Sizing the subdish 


° Existing “optical” analysis to date 
assumes dish sizes >> A. This does 
not apply for 1.9m @ 23cm. 


¢ We select a configuration that gets 
us close to -10 dB at the subdish 
edge with an available feed for the 
1.9m f/d = 0.35 system. A 690 mm 
Subdish results. 


°An W2IMU-like feed (OM6AA used) 
provides the narrowest pattern. 


G/Ta Ratio [dB/K] 
-> 
Nn 


Cassegrain Antenna, G/Ta Ratio vs Elevation Angle, No LNA, 


Main Parabola f/D = 0.35 Ratio 
T T : T 


- ~~ Best value so far f/D = 0.35, 75 mm 
—— RA3AQ without chokes 
—— Dual-mode OMGAA 
~~ KA1GT Feed 
—— Dual-mode OMGAA, Hyperbola 800 mm, No Rim at parabola |_| 
—— Dual-mode OMGAA, Hyperbola 800 mm, Rim at parabola 


| | 
30 40 50 60 70 80 90 
Antenna Elevation Angle [deg.] 


KB2SA vs Cassegrain vs Flange 


CASSEGRAIN ANTENNA 


Initial Simulation 
Results 


° First simulations with 690mm subdish 
indicate it works, but performance is 
not great compared to our best. 


° A significant “breakthrough” occurs 
when we introduce a 58mm flange @ 
18° as suggested by Potter’s Technical 


Report No. #32-214 (January 31, 1962). 


¢ The flange reduces wide angle 
sidelobes with very little affect on small 
angle sidelobes. G/Ts jumps nearly 2 
dB. 


A] 


: _-0°, 6, 12°, 24° 
5 an 


800 mm | 690 mm 


CASSEGRAIN ANTENNA 


800 = 690 + 2* 58* Cos (18°) 
806 = 690 + 2*58*Cos (0°) 
805 = 690 + 2*58*Cos (6°) 
803 = 690 + 2*58*Cos (12°) 
796 = 690 + 2*58"Cos (24°) 


Tweaking 690mm + 
flange 


dae ¢ Tuning by varying the feed position 


Cassegrain Antenna, G/Ta Ratio vs Elevation Angle, No LNA, 
Main Paral = 0.35 Ratio 


and 58mm flange angle gets us to 
within 2 dB of our best system with a 
O° flange angle and 806mm 
obstruction (18% area obstruction). 


¢ Increasing flange size or moving 
Subdish position very quickly and 
dramatically reduced performance. 
This indicates “optical” analysis has 
some merit @ 23 cm (as expected 
from parabola tuning results). 
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4 B c 
25.31 dBi 
Dm 1900 mm 
Fm/Dm 0.35 
Fm 665 mm 
ov 71.08 degrees 
Fe 304.60 mm 
Fm-Fe 360.40 mm 
Ov -Or 0.4027 radians 
Ov+or 2.0783 radians 
Lv 116.96 mm 
Fmiy 518.04 mm 
e 4.30985 
a 35.34 
b 148.14 
sFely 107.64 mm 
Fco/Fm 0.458 
Dt 342 mm 
Df/Ds 0.698 -0.239916 
ATAN(Ds/2Fm} 0.353 
ATAN(D#/2Fc) 0.5115 -0.158558 
DtFm/Fe 746.65 
746.65 mm 


\ REAL FOCAL PONT 
| \ 
X / 


24) Fin = Onmin Dy 
2+ 
“—~ -HYPERBOLA 
_|_ — Parasova 
: L 
L+—— #, —— 
~$—— F,——— 
OPTIMIZE: 


D 


26 dBi 


1900 mm 
0.35 
665 mm 
71.08 degrees 
464.49 mm 
200.51 mm 
0.45685 radians 
2.02415 radians 
170.22 mm 


0.49565 0.20283 
0.47857 
0.35275 0.12583 
489.632 

690 mm 


VIRTUAL FOCAL POINT 


20.8 dBi 


1900 mm 
0.35 
665 mm 
71.08 degrees 
530.22 mm 
134.78 mm 
0.44637 radians 
2.03462 radians 
196.13 mm 


0.54152 
0.31198 0.22955 
428.934 

800 mm 


1900 mm 
0.35 
665 mm 
71.08 degrees 
391.12 mm 
273.88 mm 
0.45685 radians 
2.02415 radians 
143.33 mm 


3.7446 
52.224 
188.456 


0.58814 

342 mm 
0.58864 -0.0005 
0.41186 
0.41217 -0.0003 
581.49 
581.49 mm 


Fig. 11—Condition for minimum blocking by sub dish and feed. 


1. Optimize illumination of subdish (-10 dB at the edge) 
2. Feed obstruction = subdish obstruction 
3. Feed above dish surface 

4. Maximize distance between feed and subdish (minimize S12) 
5. Add flange to decrease large-angle sidelobes. Minimal effect on gain and small-angle sidelobes. 


Hyperbola 


-10 dB down @ subdish edge 
Subdish diameter 


How much feed protrudes into dish 


Sub dish distance 


Distance Real Focal Point to sub dish 


Feed diameter 


Went Fc/Fm = Df/Ds for feed blockage = subdish blockage. 


Exact. Want ATAN(Ds/2Fm) = ATAN(Df/2Fc) for feed blockage = subdish blockage. 


Blockage due to feed (mm) 
Actual blockage = MAX(Ds, DfFm/Fc) 


430mm 690mm 800mm 581mm 

o 0 oO 0 
0.08042 0.06188 0.05261 0.07347 
0.32061 0.24714 0.21022 0.29327 
0.71735 0.55469 0.47209 0.65756 
1.26558 0.98275 0.83707 1.1634 
1.9586 1.52886 1.30353 1.80681 
2.78853 2.19003 1.86949 2.58294 
3.74663 2.96274 2.53258 3.48625 
4.82375 3.84306 3.29011 4.51066 
6.01058 4.82675 4.13917 5.64974 
7.29796 5.90931 5.0766 6.89686 
8.67707 7.0861 6.09908 8.24534 
10.1396 8.35238 7.2032 9.68856 
11.6777 9.70343 8.38546 11.22 
13.2842 11.1345 9.64233 12.8336 
14.9526 12.6411 10.9703 14.5232 
16.6769 14.2187 12.3659 16.2833 
18.4518 15.8629 13.8257 18.1085 
20.2724 17.5697 15.3463 19.994 
22.1343 19.3351 16.9246 21.9351 
24.0337 21.1553 18.5574 23.9276 
25.9671 23.0269 20.2417 25.9675 
27.9314 24.9465 21.9746 28.0513 
29.9237 26.9111 23.7535 30.1756 
31.9416 28.9177 25.5757 32.3373 
30.9636 27.4388 34.5337 
33.0462 29.3405 36.7622 
35.1632 31.2785 39.0205 
37.3124 33.2508 41.3063 
39.4918 35.2555 43.6177 

41.6994 37.2907 

43.9335 39.3546 

46.1924 41.4453 

48.4747 43.5626 

50.7789 45.7037 

53.1036 47.8677 

50.0533 

52.2595 

54.485 

56.7289 

58.9902 


CASSEGRAIN ANTENNA 


Minimum Blocking 


*Hannan’s “Microwave Antennas 
Derived from the Cassegrain 
Telescope” (March 12, 1960) uses 
optical analysis to define a minimum 
blocking when the subdish blocking 
equals the feed blocking. 


¢ Might this “sweet spot” optical 
analysis apply for 23 cm? 


elt does NOT. The “oversized” subdish 
with 0° flange provides the highest 


G/Ts. 


' ; A ; ; 
Tossa bortlunnlyel RAR cde Mile wcceamtvon 00, oe ee | ede 
25.8 dBi vs 25.4 dBi 


pops fmm) CASSEGRAIN ANTENNA 


"s)0'. Geen jones . 
: Vi A Need a narrower feed 


¢ Although we can reduce the 
sidelobes with a flange, the lower 
angle sidelobes are too high (i.e., 


KB2SA vs Cassegrain 


INANE Od = OMO6AA feed spillage past the 


subdish). 


° A narrower (W2IMU-like) feed 
pattern may allow a Cassegrain to 
work well on 23cm with a flange 
and/or extended hyperbola (TBD). 


[Ts G/Ts Ratio (dB) its ‘atio ( s Rati /TsR (dB) 
KB2SA 690_334_0° 690_334_6° 90_334_18° 690_254_18° 690_334_0° 
Calculated ANTC ANTC ANTC ANTC Calculated 5 fa) 


THANK YOU! 


Bill Stino 
KB2SA 
San Diego, CA 


